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Abstract 
 
This paper presents the continuous flow MHD(magnetohydrodynamic) micropump with side walled electrodes us-

ing Lorentz force, which is perpendicular to both magnetic and electric fields, for the application of microfluidic sys-
tems. A theoretically simplified MHD flow model includes the theory of fluid dynamics and electromagnetics and it is 
based upon the steady state, incompressible and fully developed laminar flow theory. A numerical analysis with the 
finite difference method is employed for solving the velocity profile of the working fluid across the microchannel under 
various operation currents and magnetic flux densities. In addition, the commercial CFD code called CFD-ACE has 
been utilized for simulating the MHD micropump. When the program was run(CFD-ACE), the applied current and 
magnetic flux density were set to be the variables that affected the performance of the MHD micropump. The MHD 
micropump was fabricated by using MEMS technology. The performance of the MHD micropump was obtained by 
measuring the flow rate as the applied DC current was changed from 0 to 1mA at 4900 and 3300 Gauss for the elec-
trodes with the lengths of 5000, 7500 and 10000㎛, respectively. The experimental results were compared with the 
analytical and the numerical results. In addition, with the theoretical analysis and the preliminary experiments, we pro-
pose a final model for a simple and new MHD micropump, which could be applicable to microfluidic systems. 
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1. Introduction 

Recently, the research and development of µ-TAS 
(micro total analysis systems) are being performed 
worldwide. Especially, in the chemical, medical, and 
biological fields, µ-TAS, which is being developed to 
promote development of new material and analysis of 
various kinds of samples and reagents, is a micro-
scopic device capable of analyzing and processing the 
substances into micro-scale units simultaneously. It is 
expected to bring a new revolution in analysis and 
synthesis fields. It can be possible by the use of micro-

scopic devices, which decreases the consumption of 
reagents so that it can reduce the costs for the analysis. 
It also helps with diminishing the discharge of envi-
ronmentally harmful substances caused from the anal-
ysis. At the same time, it facilitates the automation to 
shorten the analysis time. In such a µ-TAS, all func-
tions necessary to analyze samples and reagents are 
integrated into a single microfluidic substrate. In the 
microfluidic system, pumping is required to transport 
samples and reagents for biological or chemical analy-
sis from one point to another. What makes such a mi-
crofluidic system possible may be the fact that micro-
pumps can control the small volume of fluids precisely 
in microchannels and regulate it effectively. Therefore, 
micropumps are the most commonly employed com-
ponents in the microfluidic systems.  

Pumps generally fall into two major categories: (1) 
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displacement pumps, which exert pressure forces on 
the working fluid through one or more moving boun-
daries and (2) dynamic pumps, which continuously 
add energy to the working fluid in a manner that in-
creases either its momentum (as in the case of cen-
trifugal pumps) or its pressure directly (as in the case 
of electroosmotic and elecrohydrodynamic pumps). 
Momentum added to the fluid in a displacement pump 
is subsequently converted into pressure by external 
fluidic resistance. Many displacement pumps operate 
in a periodic manner, incorporating some means of 
rectifying periodic fluid motion to produce net flow. 
Such periodic displacement pumps can be further 
broken down into pumps that are based on reciprocat-
ing motion, as of a piston or a diaphragm, and pumps 
that are based on rotary elements such as gears or 
vanes. The majority of reported micropumps are recip-
rocating displacement ones in which the moving sur-
face is a diaphragm. These are called membrane 
pumps or diaphragm pumps. Dynamic pumps include 
centrifugal pumps, which are typically ineffective at 
low Reynolds numbers and have only been miniatur-
ized to a limited extent, as well as pumps in which an 
electromagnetic field interacts directly with the work-
ing fluid to produce pressure and flow (electro-
hydrodynamic pumps, electroosmotic pumps and 
magnetohydrodynamic pumps) and acoustic-wave 
micropumps. A common property of these micro-
pumps is the simplicity of the microstructures in-
volved, as no mechanically moving parts are required. 
The performance is, however, in many cases strongly 
influenced by a number of fluid properties, which 
limits a certain principle to a small class of fluids. The 
EHD principle of fluid transport was proposed first 
around 1960 and picked up 30 years later by Bart et 
al.[2] and Richter et al.[3,4] for their electrohydrody-
namic micropumps. They used the EHD induction 
effect, i.e. the generation and movement of induced 
charges at a fluid-fluid or fluid-solid boundary layer 
and the EHD injection effect which is based on the 
electrochemical formation and movement of charged 
ions. The electrokinetic micropump is the basis of 
capillary microelectrichromatography which has seen 
a tremendous progress in science as well as in com-
mercialization during the last several years, mainly 
pushed by the concept of the lab on a chip. RF and 
ultrasonic pumping exploit the dragging force of a 
progressive mechanical wave[5] or the quartz wind of 
a vertically oscillating surface[6] which are excited at 
a liquid-solid interface, e.g. the sidewall or the end 

wall of a microchannel. Centrifugal pumping uses the 
centrifugal force present in a rotating microchannel 
system (usually integrated into a disk) to transport 
fluid from the centre to the perimeter[9]. 

MHD (Magnetohydrodynamic) pumping, which 
uses the Lorentz effect, based on the injection of an 
electric current into two electrodes located at side-
walls facing each other in a microchannel. This charge 
injection generates a transversal ionic current in the 
microchannel, which is simultaneously subjected to a 
magnetic field oriented at an angle of 90° to the cur-
rent direction and microchannel axis. The Lorentz 
force acting on the ionic current in the solution will 
then generate a fluid flow in the microchannel direc-
tion. This pumping principle is also bidirectional by 
nature, as a flow reversal is easily achieved by a rever-
sal of the electric current or the magnetic field vector. 
Typical MHD micropumps can generate only small 
values for pump rate and achievable pressure, e.g. 63
㎕/min and 1.8 mbar, respectively, for the device de-
scribed in [7] and do strongly depend on the ionic 
conductivity of the pumped medium. Electrolytic bub-
ble generation at the injection electrodes can easily 
occur with DC operation. This problem has been 
solved with an MHD pump with AC current injection 
which additionally uses an electromagnet instead of a 
permanent magnet. By driving both the magnet coil 
and the current injector from synchronized AC sources, 
the Lorentz vector and, hence, the direction of fluid 
flow remains in the same direction. Choosing the op-
eration frequency high enough will prevent the elec-
trolytic formation of gas bubbles. While representing a 
disturbing effect in MHD pumps, the electrolytic gen-
eration of gas bubbles can also be exploited as an ex-
cellent and simple actuation principle to realize high 
precision dosing systems. This concept has found its 
first applications in drug delivery and is well illus-
trated in the publication of Böhm[8]. He used a reser-
voir filled with an electrolyte and two immersed elec-
trodes to generate gas bubbles by current injection. 
The corresponding volume increase generates a con-
tinuous or step-by-step displacement in an adjacent 
meander, which carries the fluid to be dispensed. By a 
closed-loop control of the gas generation process this 
dosing system is able to deliver fluid quantities as 
small as 100 nl with an accuracy of at least 5 nl . 
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2. The operating principle and structure of the 

MHD micropump 

2.1 An operating principle of MHD micropump 

A typical MHD (magnetohydrodynamic) micro-
pump has been reported in which the conducting fluid 
contains ions in the microchannel of the MHD micro-
pump subjected to the Lorentz force induced in the 
direction perpendicular to both magnetic and electric 
fields. The Lorentz force is the pumping source for 
electrically conducting liquid with conductivity. To 
give a more detailed explanation, Fig. 1(a) shows the 
basic principle of the MHD micropump. In a hexahe-
dral microchannel with transverse current density (Jz) 
and perpendicular to transverse magnetic flux den-
sity(By), the Lorentz forces(Fx) can be written as fol-
lows. 

yzx BJF
rrr

×=   

The schematic of a simple MHD micropump is 
shown in Fig. 1(b). Lorentz force is induced in the 
direction perpendicular to both magnetic flux density 
and current density vector and thus, the working fluid 
in the microchannel flows into +x-direction by the 
resulting Lorentz force. One thing to note is that the 
working fluid used in the MHD micropump is limited 
to electrically conducting liquid with conductivity of 
the order of 1 S/m or higher, such as NaCl. In view of 
the operating principle, the MHD micropumps have 
several advantages of continuous flow forces and bi-
directional pumping capability over other non-
mechanical micropumps. In addition, depending on 
the design of the MHD micropump, it allows for mul-
tiple and independently controlled pumps to be inte-
grated on a single silicon chip for producing complex 
microfluidic systems. 

Fig. 2 is the recently studied schematic diagram of 
the MHD micropump fabricated by POSTECH (Po-
hang University of Science and Technology)[7]. To 
allow a certain level of currents to working fluid in a 
microchannel, the MHD micropump must have elec-
trodes on the upside and the bottom surfaces of the 
microchannel. When depositing electrodes on those 
surfaces, one structural importance is that the oxide 
layer (SiO2) must be between (+) electrode and (–) 
electrode so that the current can flow through only the 
conducting fluid. Si wafer itself is electrical conduc-
tivity, which brings about discharge in the absence of 
an oxide layer between two electrodes when voltage 
is applied. The oxide layer (SiO2) is the widely used  

 
 

(a) 3-dimensional diagram 
 

 

  
(b) 2-dimensional diagram 

 
Fig. 1. Schematic of the actuation principle of the MHD 
micropump in which driving force is Lorentz force. 
 

 
 
Fig. 2. Schematic of the MHD micropump presented by 
POSTECH[7]. 
 
substance for electrical isolation layers. To apply 
magnetic fields from the outside, a permanent magnet 
with a certain level of magnetic flux density is on 
both sides of the MHD micropump device. 

 
2.2 The structure of the MHD micropump with side-

walled electrodes 

The MHD micropump with side-walled electrodes 
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proposed from this paper is illustrated in Fig. 3, which 
is composed of the microchannel, side-wall electrodes 
and the permanent magnet. The microchannel is 
formed through the wet etching process on silicon 
wafer. Side-wall electrodes are deposited by thermal 
oxidation. To maintain the electrical isolation on both 
electrodes and facilitate the proper flow of working 
fluid, a thickness of approximately 0.5㎛ of oxide 
layer was formed within the microchannel. As a result, 
the microchannel was fabricated 30mm in length, 
100㎛ in depth and 100㎛ in width. The dimension 
of the whole MHD micropump device is 40mm × 
25mm × 1mm. The permanent magnet has diameter 
of 15mm and heights of 10mm and 5mm, respec-
tively. An acryl-made frame fixes both the MHD 
micropump device and permanent magnet 5mm away 
from each other. The MHD micropump with side-
walled electrodes, apart from other conventional 
MHD micropumps, has metal electrodes deposited on 
side-walls of microchannel running working fluid, 
which makes the fabrication process simple. As the 
permanent magnet is placed on the bottom of the 
MHD micropump device to induce external magnetic 
field, it is easy to miniaturize the size of the com-
pleted micropump. 
 

3. The fabrication process of the MHD micro-
pump 

The MHD micropump consists of the anisotropic 
bulk-etched microchannel, the side-walled electrodes, 
and the single permanent magnet (Nd-Fe-B). The 
micro-channel of the MHD micropump has width of 
1 mm, depth of 0.1mm, and length of 30mm. The 
cross-section of the microchannel has the shape of a 
trapezoid by anisotropic etching. A thin oxide layer is 

 

 
 
Fig. 3. The MHD micropump with the side walled electrodes. 

then formed for electrical isolation. Metal electrodes 
(5000Å Al) are deposited on to the side-walls of the 
channel by using thermal evaporation and shadow 
mask patterning. The fabricated silicon wafer is then 
anodically bonded with Pyrex glass. Before the bond-
ing process, four holes for fluidic input, output and 
electrical contact were drilled through the EDM (elec-
tro discharge machining) process. Fig. 4 shows the 
fabrication process.  
 

 
1. Thermal SiO2 (0.8m) for the mask of TMAH wet etching 

 
2. PR coating 

 
3. Exposure and development 

 

4. BOE etching 

 
5. Wet etching (100m) and BOE etching 

 
6. Thermal SiO2 (0.5m) for electrical isolation 

 
7. Al evaporation (0.5mm) and patterning for electrodes 

 
8. EDM (electric discharge machining) for inlet, outlet and 
electric wires holes 
 
Fig. 4. The fabrication process flow for the proposed MHD 
micropump. 
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It is a relatively simple process with a photomask. 
It started with double polished 525-㎛-thick p-type 
(100) 4-inch Si wafers. Initial 0.8-㎛-thick thermal 
SiO2 was grown as etching mask at 1100°C in wet 
atmosphere for 100 min. After the photolithography 
process, the 100um depth microchannel was defined 
by wet etching in 25 wt.% tetramethylammonium 
hydroxide (TMAH) at 78°C for 200min (etch rate : 
0.5 ㎛/min). Remaining oxides were then removed 
and an oxide layer of 0.5 ㎛ thickness through a 
thermal evaporation was grown for electrical isolation 
at 1100°C in wet atmosphere for 60min. Al electrodes 
are then deposited on to the side walls of the micro-
channel by thermal evaporation. To pattern Al elec-
trodes, a shadow mask was used. Inlet, outlet and 
electric wire holes were fabricated on Pyrex glass 
through EDM (electro discharge machining). The 
silicon wafer was then exposed to the anodic bonding 
process with Pyrex glass. After the completion of the 
anodic bonding process, the MHD micropump device 
was completed through a dicing saw process. Fig. 5 
shows a photograph of a practically fabricated MHD 
micropump.  

Table 1 gives the list for the dimensions and hy-
draulic diameter of the microchannel within the fabri-
cated structure. 
 

4. The simulation of fully developed laminar 
flow for the MHD micropump 

4.1 Fundamental analysis 
4.1.1 Electromagnetic theory 
In the MHD micropump, the pumping forces origi- 

 
Table 1. The dimensions of the microchannel in the micro-
pump. 
 

 
 

 
 
Fig. 5. Photograph of the fabricated MHD micropump. 

nate from the electromagnetic Lorentz force induced 
by the applied electric currents. The basic principle is 
to apply the electric current across the channel filled 
with electrically conducting liquid and a DC magnetic 
field orthogonal to the currents via permanent magnet. 
The governing equations of the Lorentz force are 
derived with the assumption that steady-state fields 
with constant magnetic and electric properties are on 
the working fluid. Hence, the Lorentz force( F

r
 ) can 

be written as follows. 
 

BJF
rrr

×=  (1) 
 
where B

r
 is magnetic flux density vector, J

r
 being 

current density vector, and J
r

 is derived based upon 
the Ohm’s Law below. 

 
)( BVEJ
rrrr

×+= σ  (2) 
 
where E

r
 represents the electric field intensity vector, 

σ  being electrical conductivity of the conducting 
liquid, and V being flow velocity vector. 

 
4.1.2 Fluid dynamics theory 
According to the study published on the micro-

channel flows[10], the experimental results have indi-
cated that the flow rates were approximately the same 
as the predictions given by the Poiseuille flow condi-
tions on micro-tubes with relatively large diame-
ters(>100 ㎛). However, as the Reynolds number 
increased, a significant pressure gradient increase was 
observed while the conventional laminar theory 
would predict less increase. The rationale is that the 
increase in pressure gradient may be due to either an 
early transition from laminar flow to turbulent flow or 
the surface roughness of the micro-tubes being sig-
nificant. In conclusion, the conventional laminar the-
ory is still applicable for the microchannel flow in 
relatively large channels; but the deviations increase 
along with the reduction of the channel size. Since the 
Reynolds number in the microchannel is assumed to 
be small, the flow field in the MHD micropump is 
treated as steady state, incompressible, and fully de-
veloped laminar flow condition. And the y and z axis 
of the flow velocity are also assumed to be zero. 
Based upon the above assumption, the axial flow 
velocity (u) is invariant along the x direction such that 
u = u(y, z) and v = w = 0. On the other hand, the ef-
fect of surface tension is neglected since the micro-
channel is assumed to be filled with fluids. For the 
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simplified flow field, the governing equations can be 
written as follows: 

 
Continuity equation 

0u
x

∂ =
∂

 (3) 

 
Momentum equations 

2 2

2 2 0p u u
x y z

µ
⎛ ⎞∂ ∂ ∂− + + =⎜ ⎟∂ ∂ ∂⎝ ⎠

  

0p p
y z

∂ ∂− = − =
∂ ∂

 (4) 

 
Where µ  is the dynamic viscosity of the fluid. 

In the microchannel, under electromagnetic interac-
tions, the Lorentz forces acting on the fluid particles 
are considered as hydrostatic pressure head uniformly 
distributed over the entire channel region; hence, it is 
expressed as follows: 

 
p p

L x
∆ ∂= −

∂
 (5) 

 
where p∆  is the pressure head along the channel 
with length L given by the cross products of the cur-
rent density vector and magnetic field density vector. 
That is 

 

( ) pp J B L∆ = ×
r r

 (6) 

 
where Lp is the length of electrode. From Eqs. (2), (5) 
and (6), the pressure gradient generated by the applied 
DC electric and magnetic fields in the flow channel 
can be obtained. After the pressure gradient is substi-
tuted into Eq. (4), the momentum equation is rewrit-
ten as Eq. (7). 

 
2 2 2

2 2 0p pBEL B L u uu
L L y z

σ σ
µ µ

⎛ ⎞ ∂ ∂− + + =⎜ ⎟⎜ ⎟ ∂ ∂⎝ ⎠
 (7) 

 
Hence, the volumetric flow rate (Q) based upon the 
integral of cross sectional microchannel area is then 
given by Eq. (8). 

 
( ),Q u y z dydz= ∫∫  (8) 

 
Finally, the numerical central difference scheme 

based upon the finite difference method is employed 
for solving the velocity profile across the channel. 
Parameters for the applied magnetic fields and elec-
tric currents with specific channel depths and widths 
have been adjusted for the assessments of the per-
formance of the micropump. 

 
4.2 Results from the simulation with finite differ-

ence method 

The electrically conducting fluid, PBS solution, is 
employed as the working medium for numerically 
simulating the DC MHD micropump. The pertinent 
material properties of PBS solution are summarized 
in Table 2. In addition, the geometric dimensions and 
applied fields needed for the numerical simulations 
are listed in Table 3.  

 
Table 2. The material properties for PBS solution. 
 

 
 

Table 3. Parameters for numerical simulation. 
 

 
 

 
 
Fig. 6. Simulation results for the flow rates of PBS solution 
as a function of current and magnetic fulux density. 
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Fig. 6 shows the simulated results for the variations 
of volumetric flow rates of MHD micropump with 
10000㎛ length of electrode under various operation 
currents and magnetic flux densities.  

The numerical analysis based upon the finite dif-
ference method has been implemented through 
MATLAB. The flow rate is 3.22㎕/min when the 
magnetic flux density is 0.49T (4900 Gauss) with the 
applied current of 0.9mA. The flow rate can be in-
creased to improve the performance of the MHD 
micropump if the magnitude of the magnetic field or 
the applied current is increased. It is noted from Fig. 6 
that the flow rate of PBS solution increases linearly 
with the magnitude of the applied current and the 
magnetic flux density. Fig. 7 depicts that the volumet-
ric flow rate typically increases with the applied cur-
rent and magnetic flux density.  

The calculated results published by other research-
ers using Poiseuille’s Law[11, 12] are also illustrated 
in the figures and compared with the numerically 
analyzed results implemented through MATLAB 
based upon the FDM (finite difference method). The 
reason that there are discrepancies between them is 
because 
 

 
(a) The flow rates with applied currents 

 

 
(b) The flow rates with magnetic flux densities 

 
Fig. 7. Comparison of the simulated flow rates and the results 
calculated by the Poiseuille law. 

the Poiseuille law neglects the frictional effects on 
both sidewalls and one-dimensional laminar flow 
model simplified by the Poiseuille law would be 
rough. 

 
4.3 Results from the simulation using commercial 

code CFD-ACE 

The 2-D microchannel structure was modeled as 
shown in Fig. 8 to primarily consider the dimensions 
of the MHD micropump.  

Initial temperature was 300K in the microchannel, 
wall, and working fluid and the reference pressure 
was set as 100000N/㎡. To specify the volume condi-
tion properties of working fluid, Table 2 was pro-
vided as reference. The electrical conductivity would 
be the most important data since the working fluid is 
electrolytic. To analyze the effect of magnetic field, 
other variables (pressure, the applied current between 
electrodes, the characteristics of working fluid- den-
sity, viscosity, relative permittivity, relative perme-
ability, electrical conductivity) remained constant. Fig. 
9 shows the flow velocity profile in the microchannel 
with 5000㎛ length of electrode under 4900G and 
3300G of magnetic flux density when the applied 
current was fixed at 0.4mA.  

 

 
 
Fig. 8. Modeling geometry for the MHD pump. 

 

 
(a) 4900 G of magnetic flux density 

 

 
(b) 3300 G of magnetic flux density 

 
Fig. 9. Flow velocity profile with 0.4mA of the applied cur-
rent. 
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The maximum flow velocity at 4900G of magnetic 
flux density was higher than that at 3300G. The simu-
lation results show that the volumetric flow rate is 
proportional to the magnetic flux density. To analyze 
the effect of electric field, other variables (pressure, 
magnetic flux density, the properties of working flu-
id- density, viscosity, relative permittivity, relative 
permeability, electrical conductivity) were uniformly 
fixed. 
 

5. Performance of the MHD micropump 

The performance of the MHD micropump can be 
determined through the magnitude of the electric and 
magnetic fields. As Lorentz force, which induces 
forces to working fluid, is expressed by the cross-
product of the electric current and the magnetic flux 
density, better efficiency can be achieved by inducing 
the higher electric and magnetic fields. In order to 
find the performance of MHD micropump, an ex-
periment for measuring the flow rate with the varia-
tion of the electric and magnetic fields was performed. 

 
5.1 Measurement set-up2.2 reference 

Fig. 10(a) shows the test set-up for measuring flow 
rates as the applied current changes. A plate made of 
acryl was used for maintaining 5mm distance be-
tween the MHD micropump device and the perma-
nent magnet. A capillary tube was fixed to the sup-
porter out of acryl. Hi-scope (KH-220, HiRox) was 
used to observe and record the process. The flow rate 
was calculated from the moving distance of the work-
ing fluid with time. A Hi-scope was positioned above 
the capillary tube located in the outlet. The Hi-scope 
has a CCD camera, which is connected to a computer 
with video capture software. As the working fluid for 
the actual experiment was applied to the analysis of 
protein, PBS buffer solution was used as medium for 
the fixation of protein. Fig. 10(b) shows the photo-
graph of the measurement set-up in the real experi-
ment. Steady state currents were measured according 
to the applied voltage from the side-wall electrodes 
under the condition that the microchannel is filled 
with working fluid. In the EHD micropump, the IV 
curve has a high nonlinearity, when high DC voltage 
currents is applied to working fluids[1]. However, the 
IV curve shows linearity in the MHD micropump 
because it is operated with a relatively lower voltage 
compared to EHD micropump. 

 
(a) Schematic diagram 

 

 
(b) Photograph of the setup 

 
Fig. 10. The experimental setup for measuring flow rates. 
 

 
 
Fig. 11. The volumetric flow rate due to applied current. 

 
5.2 Results of the volumetric flow rate from experi-

ment 

To actually apply to microfluidic system, one con-
ducting liquid, namely, PBS buffer solution was em-
ployed as the working fluid. PBS buffer solution is 
composed of Sodium Phosphate (0.01M), NaCl 
(0.138M), and KCl (0.0027M). For the measurement 
of the flow rate as shown in Fig. 10, the voltages were 
applied to the working fluid. It has the same height in 
both the tubes of input and output during the experi-
ments in order to get the effect of only the Lorentz 
force. Fig. 11 indicates the volumetric flow rate when 
a current from 1 to 9 mA is applied.  
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At B = 4900 G and B = 3300 G, the flow rate was 
measured as currents gradually went up with 1mA 
interval. The curve can be divided into three different 
regions: the linear low-field region (α. zone), the 
steeply increasing region (β  zone), and the steeply 
decreasing region (γ  zone). The linear low-field re-
gion (α. zone) is stable. Bubbles are hardly generated 
in the microchannel of the MHD micropump. The 
working fluid in stable state becomes the continuous 
flow by the Lorentz force caused from the magnetic 
and electric fields.  

In the steeply increasing region (β  zone), the bub-
bles are generated in the conducting liquid over a 
current of 5mA. They are generated more frequently 
and become larger as the current increases. The 
measured flow rate is also higher than the theoretical 
one because of the bubble generation. The bubble is 
created by electrolysis caused by the interaction be-
tween Al electrodes and PBS solution. Bubble gas 
generated by electrolysis is presumed to be O2 from a 
substance constituting PBS solution. Fig. 12 shows 
the bubble generation in the microchannel. Fig. 12(a) 
is the microscope-captured image of α. zone in the 
continuous flow, before bubble generating. Fig. 12(b) 
shows the bubble generating state with an applied 
current of more than 6mA in the β. zone where bub-
bles are generated.  

After passing the maximum flow rate point by 
bubble generation, a steeply decreasing region (γ. 
zone) of the flow rate is observed, which is caused by 
the electrode degradation (or corrosion) due to elec-
tro-chemical reaction. Fig. 13 shows the moving dis-
tance of working fluid per unit time in each flow re-
gion (α, β, γ  zone), in which ∆l2 > ∆l3> ∆l1 as ex-
pected in Fig. 11. For the application of microfluidic 

 

 
 
Fig. 12. The captured images of the PBS solution flow in the 
capillary tube. 

system, the bubble generating band, i.e., unstable 
regions (β  zone and γ  zone), should be avoided. 

 

5.3 Discussions for the experimental verification 

The Poiseuille flow theory model neglects the fric-
tional effects in both sidewalls and the effect of elec-
tric field based on the length of electrode because of 
the one-dimension analysis. On the contrary, the nu-
merical simulations conducted by the FDM (finite 
difference method) and CFD-ACE software show that 
the channel dimensions and the induced Lorentz force 
have significant influences on the flow velocity pro-
file because of the two-dimensional laminar flow 
model. Fig. 14 shows the comparisons of the results 
among the experiment, the numerical simulation, and 
the calculation by the Poiseuille Law.  

The numerical results with FDM are in better 
agreement with the experimental results as compared 
to the calculation results by the Poiseuille Law. In 
conclusion, the Poiseuille law, based upon one-
dimensional fully developed laminar flow, cannot 
take account of the frictional effects of the channel 
side walls and the direct substitution of the Lorentz 

 

 
 
Fig. 13. Photograph of the microchannel in the micropump 
before and after bubble generation. 
 

  
Fig. 14. Comparison of the experimental results, the numeri-
cally analyzed results (FDM method) and the calculation 
results by Poiseuille law. 
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force into the analytic solutions of the momentum 
equations would result in the deviations between nu-
merical and experimental results because the effects 
of induced current generated from the fluid passing 
through magnetic field and the induced reverse Lor-
entz force are not accounted for in the formulation. In 
addition, the reduced volume by the bubble genera-
tion in the microchannel causes higher flow rates than 
numerical values. 
 

6. Conclusions 

The MHD micropump with side-walled electrodes 
has been fabricated. A numerical simulation for mod-
eling the MHD micropump based on fully developed 
two-dimensional laminar channel flow was used to 
predict the operating characteristics. In order to con-
sider the induced Lorentz force generated in the con-
ducting liquid under the applied electric and magnetic 
fields, the formulations of the Lorentz force were 
substituted into the source terms of the momentum 
equations instead of the analytic solutions. The simu-
lated volumetric flow rates, solved by means of a 
finite difference method, were compared with the 
experimental results. In the actual performance ex-
periment of the MHD micropump, the reduced vol-
ume by the bubble generation in the microchannel 
caused the higher flow rates than numerical values. 
The maximum flow rate of the MHD micropump 
shows 0.3 ㎛/min to the low current region(<5mA) in 
stable region. In the numerical simulation, the charac-
teristics of the flow rate were analyzed. To get the 
effect of the maximum flow rates by the magnetic 
flux intensity, a permanent magnet with 4900G of 
magnetic flux density must be closer to the MHD 
micropump device to get up to 4900G. The effect of 
electric field on flow rates has been studied. The flow 
rate is slowly increased in the low current area. It is 
suddenly increased by the bubble generation in the 
high current region. After the increase of the flow rate, 
a region, in which it suddenly goes down, can be ob-
served. It could be explained by the corrosion of Al 
electrode which later breaks down the performance of 
the MHD micropump. To yield a better effect of the 
flow rate by electric field, bubble generation needs to 
be reduced In order to get rid of the generation of the 
bubble gas due to electrolysis of PBS solution with Al 
electrodes, Au electrode should be used. In addition, 
instead of using DC current and DC magnetic field 
(permanent magnet), an AC current of sufficiently 

high frequency and AC magnetic field from an elec-
tromagnet can be utilized. After all, the MHD micro-
pump has many advantages over other types of mi-
cropumps, such as bi-directional pumping ability, 
simple fabrication, and the ability to handle the pro-
tein-fixing medium conducting liquid. Therefore, the 
suggested micropump could be used for µ-TAS (mi-
cro total analysis system) or drug delivery systems for 
the analysis of protein. 
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